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(67)  Thepresentinvention relates to a printed linearly
polarized multi-beam antenna based on metamaterial
technology. It consists of a circular metasurface divided
into four independent quadrants.

The antenna consists of a single dielectric support,
on which a large number of elliptical patches, of a small
size with respect to the wavelength, is printed, and four
connectors, corresponding to the input of the four quad-
rants of the antenna. There is no power supply network,
since the patches are surface wave powered.

The antenna patternis obtained by means of multiple
holographies, patterns obtained by means of the diffrac-
tion from a dielectric on which a surface wave travels,
made on a single surface and launched by means of as
many connectors or couplings in the guide. In a particular
four-beam embodiment of the antenna, the combination
of said patterns allows to obtain the four sum and delta
signals of a monopulse.

The antenna may replace the radiating plate of
monopulse antennas with a reduction in size, weight and
cost, while substantially maintaining the same perform-
ance.

LINEARLY POLARIZED MULTI-BEAM ANTENNA BASED ON METAMATERIALS

Printed by Jouve, 75001 PARIS (FR)
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Description

[0001] The presentinvention relates to an antenna of
the linearly polarized multi-beam type based on meta-
materials, in particular for monopulse applications or the
like.

Background art

[0002] Document [1] describes the concept of holo-
graphic antenna formed by a dielectric on which a surface
wave propagates. The radiation is obtained from minia-
turized metal radiators (patches) all equal in shape and
size. The antenna beam is a single one. The radio fre-
quency inputis in waveguide, which entails a certain size
and high costs.

[0003] Documents [2], [3] present antennas based on
modulated metasurfaces, in which the radiation is ob-
tained from a surface wave which strikes patches printed
on a dielectric, having a different shape to vary the reac-
tance thereof. The radiation pattern of the antenna is con-
sequently controlled by acting, during the design step,
onthe physical parameters of these small metal elements
(patches) forming the surface. The antenna beam is a
single one, since the radiation is produced by the entire
opening and the polarization is circular and may not be
linear starting from the contributions of the specific patch-
es according to the teachings of the articles and the rest
of the prior art.

[0004] Document [4], as the two previous ones, de-
scribes antennas based on modulated metasurfaces, al-
so assuming the possibility of manufacturing a linearly
polarized single beam antenna. For this possibility, the
field distribution on the opening is defined (Fig. 11a in
the cited document), but no indication is given either
about the relative geometry of the patches or about the
pitch thereof or the area thereof, an issue which is re-
ferred to as a "non trivial" issue according to the knowl-
edge of the field. Therefore, no experimental linearly po-
larized example is provided (but only circularly polarized)
andthe currentstate of the artdoes not allow to determine
the shape, size and pitch of the patches and therefore to
manufacture such linearly polarized antennas.

[0005] Document [5] presents the synthesis of multi-
beam antennas based on modulated metasurfaces: in a
first case, it is an antenna with two opposite circularly
polarized beams (right and left) and, in a second case,
an antenna with four circularly polarized beams opposite
two by two (in both cases, the beams are distinct and
separated with different phase centers). This document
also defines the field distribution on the opening, but not
the geometry, distribution and size of the patches which
may implement it. An experimental example is not given
in this regard and the current state of the art does not
allow to manufacture such antennas in the absence of a
defined geometry of the patches.

[0006] All these solutions, achieved or only proposed
atageneral theoretical level, are not suitable for the man-
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ufacturing of linearly polarized multi-beam antennas,
since they are either single-beam or circularly polarized,
and are therefore not suitable for multi-beam applica-
tions, in particular for monopulse applications. On the
other hand, multi-beam antennas of the conventional
type have disadvantages in terms of size, weight and
cost. Furthermore, circular polarization requires a greater
transmitted power with respect to linear polarization
(such as that of a simple dipole), since it distributes it on
two components, of which only one is useful for
monopulse application.

[0007] Document [6] presents an embodiment of a 4-
quadrant monopulse antenna with a plurality of active
radiating elements, called meshes, coupled to one an-
other, whose dimensions, as it may be seen from the
relative Figs. 1 and 2, are between 0.5 and 1.25 lambda.
In fact, in a diameter of 5 lambdas, there are 4 elements
in one plane and 10 elements in the other one. In this
known antenna, all eight radiating elements of each
quadrant are arranged in a non-repetitive manner and
are directly coupled with one another, since they are me-
chanically in contact with one another. In total, the radi-
ating elements are 32.

[0008] Document [7] discloses a realization of a 4-
quadrant monopulse antenna with dual X and Ka bands.
For the X band, the antenna is a classic array of
waveguide slots, while for the Ka band it is a dielectric
patch array superimposed on the guide array. Patches
are much smaller than slots (by less than half) since they
have to operate at more than double the frequency. This
allows to interlace the patches with the slots, without the
former covering the latter, as shown in Fig. 1 thereof. The
patches are however always at least half a wavelength
in dimensions, but at a much higher frequency.

[0009] The patches of each row of the Ka band array
are directly connected to one another by a microstrip line,
as shown in Fig. 5 thereof, in turn connected by means
of an adapter to the waveguide, to a guide splitter (see
Fig. 6), similar to the one for the input of the radiating
guides of the slots.

[0010] Ultimately, the antenna in [7] consists of input
guides for the two bands, radiating guides for the X band
and patches connected to a microstrip for the Ka band.
[0011] The radiating waveguides and the input ones
are added to the dielectric layer of the patches, for a total
of at least three levels (layers) which may not be decou-
pled: in fact, the antenna in the Ka band does not operate
without the presence of the first and third level; similarly,
the X band antenna does not operate without the third
level input waveguide.

[0012] Document [8] presents a circularly polarized
multi-beam lens antenna. The antenna is an array of cir-
cularly polarized radiating elements, patches of a partic-
ular shape, and an underlying planar lens, obtained by
arranging in underlying layers the same elements suita-
bly arranged.

[0013] The antenna comprises three patch levels (up-
per metal patch, medium metal patch and lower metal
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patch, see

[0014] Fig. 5 thereof). The patches are between 0.2
and 0.4 lambda in size, although the pitch therebetween
is of the order of half a wavelength. The patches are
elliptical, with an I-shaped hole, and operate in circular
polarization.

Object and subject-matter of the invention

[0015] Itisthe object of the presentinvention to provide
a linearly polarized multi-beam antenna which solves the
issues and overcomes the drawbacks of the prior art,
also in terms of size, weight and cost, as well as of man-
ufacturing complexity, while maintaining excellent cross-
talk values.

[0016] It is the subject-matter of the present invention
a linearly polarized multi-beam antenna according to the
accompanying claims.

Detailed description of preferred exemplary embod-
iments of the invention

List of figures

[0017] The invention will now be described for illustra-
tive but not limitative purposes, with particular reference
to the figures of the accompanying drawings, in which:

- Figure 1 shows the distribution of the surface reac-
tance pr, the real part of the surface impedance of
an antenna according to an embodiment of the
present invention;

- Figure 2 shows a possible geometry of the
monopulse antenna according to an embodiment of
the invention, in a front enlarged view;

- Figure 3 shows an antenna pattern graph, which
shows the sum beam on the azimuth plane of an
embodiment of the present invention;

- Figure 4 shows an antenna pattern graph, which il-
lustrates the sum beam on the elevation plane of the
same embodiment of Figure 3;

- Figure 5 shows an antenna pattern graph, which il-
lustrates the delta-azimuth beam of the same em-
bodiment of Figure 3;

- Figure 6 shows an antenna pattern graph, which il-
lustrates the delta-elevation beam of the same em-
bodiment of Figure 3;

- Figure 7 shows an antenna pattern graph, which il-
lustrates the delta-delta beam of the same embodi-
ment of Figure 3;

- Figure 8 shows a sum beam antenna pattern graph
on the azimuth plane of the same embodiment of
Figure 3, with a theoretical-experimental compari-
son;

- Figure 9 shows a sum beam antenna pattern graph
on the elevation plane of the same embodiment of
Figure 3, with a theoretical-experimental compari-
son;
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- Figure 10 shows a measured and theoretical return-
loss graph at the antenna inputs 1 and 2, according
to the embodiment of Fig. 3 (frequencies in the Ka
band around the central frequency fy of the antenna);
and

- Figure 11 shows a graph of the mutual coupling
measured between the antenna inputs, in the em-
bodiment of Fig. 3 (frequencies in the Ka band
around the central frequency f, of the antenna).

[0018] It is worth noting that hereinafter elements of
different embodiments may be combined together to pro-
vide further embodiments without restrictions while re-
specting the technical concept of the invention, as those
skilled in the art will effortlessly understand from the de-
scription.

[0019] The present description also makes reference
to the prior art for its implementation, with regard to the
detail features which are not described, such as, for ex-
ample, elements of minor importance usually used in the
prior art in solutions of the same type.

[0020] When an elementis introduced, it is always un-
derstood thatthere may be "atleastone" or "one or more".
[0021] When elements or features are listed in this de-
scription, it means that the finding in accordance with the
invention "comprises" or alternatively "consists of" such
elements.

Embodiments

[0022] The invention consists of a linearly polarized
multi-beam antenna based on metamaterial technology
and in particular as a modulated metasurface. The an-
tenna may be monopulse, as a specific case of the multi-
beam.

[0023] A modulated metasurface is a particular case
of aleaky-wave antenna, i.e., a guiding structure in which
a surface wave radiates as it propagates along the sur-
face itself.

[0024] Inamodulated metasurface theradiationis con-
trolled by modulating the boundary conditions. Said
boundary conditions are imposed by the presence on the
surface of metal patches of different size and orientation,
which suitably modify the surface impedance and there-
fore the radiation in the various points (see, for example,
Fig. 1). The patches are excited by the surface wave and
therefore have no direct connection to an electrical power
supply.

[0025] Although below reference will always be made
to monopulse antennas, all indications and considera-
tions also apply to the more general class of multi-beam
antennas.

[0026] Monopulse antennas are similar, in general
construction, to conical scanning systems, although they
have four distinct contemporary beams, pointed in slight-
ly different directions. When the signals reflected by the
target are received, they are amplified separately and
compared with one another, generating the sum and del-
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ta signals (delta-azimuth, delta-elevation and delta-del-
ta), from which it is possible to trace the direction of the
target with respect to the boresight of the antenna.
[0027] According to an aspect of the invention, the an-
tenna described herein comprises at least one dielectric
layer (preferably a single dielectric layer), for example of
a circular shape (although a rectangular shape or any
other shape is possible). Preferably, the at least one di-
electric layer is a single material, although it may also be
multi-material, for example in different portions.

[0028] According to an aspect of the invention, the di-
electriclayeris functionally divided into at least four quad-
rants, for example, exactly four or eight quadrants. In the
dielectric layer, surface waves corresponding to the
channels of the four quadrants (thereby there is a "func-
tional" division) are launched by means of corresponding
pins (one conductor per quadrant). The pins (or other
input system, see below) are placed close to the center
of the antenna and for this reason the antenna is said to
have a "central" input of a radio frequency signal. Under
the at least one dielectric layer, a ground metallized layer
is found, as per the prior art. The patches around the pins
must be at a non-null distance from the pins (preferably,
at least 0.1 times the central wavelength).

[0029] On one of the surfaces of the dielectric layer
there are metal elements (patches) which are configured
and adapted to vary the reactance thereof. In general,
the thickness of the patches is very small with respect to
the operating frequencies of the antenna, for example,
ofthe order of one hundredth of awavelength. Preferably,
the patches are substantially elliptical, to be given an
orientation direction and therefore provide a parameter
on which to act to vary the surface impedance thereof
(preferably, the patches are not perforated, in particular,
they do not have an I-shaped hole). However, other
shapes with a privileged direction of extension are pos-
sible (therefore, the patch has a surface area defined by
two development directions, for example, orthogonal,
one of which is greater than the other, also called "priv-
ileged direction"). Furthermore, according to an aspect
of the invention, a subset of the patches (with a number
of elements strictly lower than the total) may also have
a shape without a privileged direction, for example a cir-
cular shape. Again, each patch may have a different
shape, although, for manufacturing and design conven-
ience, they may all be equal.

[0030] The pitch between the patches (distance be-
tween the respective centers of two closest patches,
where the center of the patch is a geometric or suitably
defined center) and the dimensions of the single patch
(dimensions defining the area thereof) may both be of
the order of one tenth of the central wavelength of the
antenna. According to a different aspect of the invention,
each of the pitch and the dimensions of the patch may
have values between 0.01 and 0.5 times the central
wavelength along each of the directions of a Cartesian
reference on said antenna plane (therefore, a pitch and
a dimension in one direction of the reference system, a
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pitch and a dimension in the other direction of the refer-
ence system). In any case, the patches must not be me-
chanically connected to one another. Preferably, the
aforesaid values may be individually comprised between
0.05 and 0.3 times the central wavelength, more prefer-
ably between 0.1 and 0.2 times the central wavelength
along each of the directions of a Cartesian reference on
the dielectric. The pitch may not even have an obligatory
upper limit.

[0031] The fact that the size of and the spacing be-
tween the patches may be reduced is allowed by the fact
that the antenna according to the invention is a leaky-
wave antenna, where the patches do not create the signal
tobe radiated, butperturbit. The surface wave introduced
into the antenna is perturbed and thus modeled accord-
ing to the needs. To this end, the patches must not touch
one another under any circumstances, but must have the
same general shape with some parameters which may
be adjusted according to the design. Furthermore, even
the excitation points of the surface wave in the quadrants
must be at a non-null distance from the nearest patches,
so that the surface wave is formed before it is perturbed
by them.

[0032] The dielectric layer is here assumed to be pla-
nar, although it may also be curved. In the second case,
there would no longer be a Cartesian reference but sur-
face curvilinear coordinates. In the following we will talk
about a superficial reference system to include both cas-
es.

[0033] The above surface waves, encountering the
patches, generate four antenna beams, of the holograph-
ic type, which, specially combined, form the four
monopulse channels (sum, delta-azimuth, delta-eleva-
tion and delta-delta - i.e., the difference between the di-
agonal quadrants) of the linearly polarized antenna. No
antenna combination network is required, since each of
the four input points corresponds to a different antenna
beam. A combiner may be added only if the four
monopulse beams are to be generated from those of the
quadrants. In fact, the monopulse beams may be ob-
tained by combining the sum and delta of the inputs in-
tended for the four connectors, by means of a plurality
of waveguide combiners (also called "Magic Ts"), as
known in the field. Alternatively, combinators may be
avoided and the monopulse signals received may be dig-
itally reconstructed, in a known manner, from the signals
of the four quadrants.

[0034] The set of dielectric and metal patches forms
the modulated metasurface of the antenna according to
the invention.

[0035] According to an aspect of the invention, the an-
tenna input may consist of four connectors (in any case,
a number corresponding to the quadrants), one for each
quadrant. According to a different aspect of the invention,
the antenna input may be achieved by means of four slot
couplings with a waveguide, always in a number corre-
sponding to the quadrants. In this case, the waveguide
is positioned under the ground layer adjacent to (depos-
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ited on) the dielectric and is coupled with the dielectric
itself by means of a slot which crosses the wall of the
guide itself and the ground layer up to the dielectric. The
slot replaces the connector of the other embodiment ac-
cording to the invention. In general, reference will be
made to a radio frequency signal input system to encom-
pass the two mentioned embodiments and any other so-
lution which ensures an input of the radio frequency sig-
nal of the quadrant.

[0036] The term "quadrant" simply means a functional
portion of the antenna, without limitations in geometry.
Preferably, the quadrants all have the same shape and
size.

[0037] From the point of view of the design of the an-
tenna according to the invention, a fundamental param-
eter for obtaining the advantages indicated below with
respect to the prior art is the orientation of the patches
(atleast of a non-null subset of the patches, for example,
elliptical or with a privileged extension direction). Since
the necessary radiation impedance may be calculated at
each point of a particular antenna design, and since for
each patch the impedance may be calculated as a func-
tion of the geometry and orientation thereof (for those
patches with privileged development direction) with re-
spect to the wave propagation direction, it is possible to
determine the orientation of each patch in the final an-
tenna. Such orientation will therefore depend on the de-
sired antenna design and may be calculated on the basis
of prior knowledge and the present technical teaching.
[0038] Of course, it is also possible to vary the axial
ratio of the ellipses of the patches (or, in general, the
shape of the patches), and this affects the radiation im-
pedance. Such ratio may be varied differently for each
patch or a single value may be provided for all patches.
Itis also possible to use a subset of patches (strictly small-
er than the total set) with a ratio equal to 1 (i.e., circular,
or square, according to another shape without a privi-
leged direction), even though the orientation parameter
for these is lost.

[0039] The monopulse antennaaccording to theinven-
tion may consist of a single-layer printed circuit with a
circular shape. In general, for any form of the dielectric,
the lower surface thereof is entirely metallized with the
function of a ground plane, while on the upper surface
thereof (also called "radiating surface", opposite to the
lower surface, in particular parallel thereto) a large
number of patches with the function of radiators is printed,
as mentioned above. The power supply may be obtained
by means of four pins connected to as many connectors,
corresponding to the inputs of the four quadrants of the
monopulse.

[0040] The dimensions and the pitch of the elliptical
patches are of the order of a tenth of a wavelength as
specified above in detail.

[0041] By means of each of the pins (or another input
system, see above) a surface wave of the radial type
(from the pin outwards) is launched into the substrate
which, during propagation, encounters the elliptical
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patches. These constitute parallel impedances, which
cause the radiation.

[0042] The shape and orientation of the ellipse deter-
mine the impedance of the patch and therefore the radi-
ation amplitude and phase of each of the patches. The
combination of the contributions of the numerous patch-
es, also taking into account the pitch thereof, provides
the radiation pattern of each of the quadrants.

[0043] A prototype of the antenna was designed in mil-
limeter band with a diameter of 150 mm.

[0044] An experimentalimplementation of the antenna
according to the invention consists of a layer of Rogers®
R03006 with a thickness of 0.635 mm, with four SRI
25-130-1000-94 connectors, and on which 14,604 ellip-
tical patches, placed at a 1.1 mm pitch, are printed. In
this and other embodiments, the axial ratio of the ellipse
of the patches may be between 1.5 and 2.0.

[0045] The connectors are placed at a distance of 26.4
mm from the center of the array.

[0046] The distance of the input points from the center
of the array must be suitably chosen to minimize the mu-
tual coupling between the channels.

[0047] The performance of the specific manufactured
antenna may be summarized as follows:

- Gain > 27.5 dBi

- Sum beam width < 5° (Azimuth plane) /5° (elevation
plane)

- Sum side lobes level < -12 dB (azimuth plane) / -18
dB (elevation plane)

- Cross-polarization < -30 dB (azimuth plane) / < -20
dB (elevation plane)

- Gain (Delta-azimuth) > 24.5 dB (> -3.5 dB with re-
spect to the sum)

- Gain (Delta-elevation) > 24.0 dB (> -4.0 dB with re-
spect to the sum)

- Gain (Delta-delta) >-21.5 dB (> -6.5 dB with respect
to the sum)

- Delta-azimuth side lobes level < -13 dB with respect
to the peak of the sum signal

- Delta-elevation side lobes level <-16 dB with respect
to the peak of the sum signal

- Delta-delta side lobes level < -13 dB with respect to
the peak of the sum signal.

[0048] In Figs. 3 to 7, the Simulated Patterns of the
MMW band antenna are shown.

[0049] Fig. 3 shows the sum pattern (3) on the azimuth
plane (i.e., with angle ¢ = 45-225° in polar coordinates)
which has a beam width of 4°, side lobes at -13 dB, gain
of 28 dBi and cross-polarization levels below -33 dB.
[0050] Fig. 4 shows the sum pattern on the elevation
plane (i.e., with angle ¢ = 135-315° in polar coordinates)
which has a beam width of 4°, side lobes at -18 dB, gain
of 28 dBi and cross-polarization levels below -23 dB.
[0051] Fig. 5shows the delta-azimuth pattern (i.e., with
angle ¢ = 45-225° in polar coordinates) which has side
lobes at -13 dB, gain of 25 dBi at -3 dB from the peak of
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the sum pattern, null depth of over -25 dB and cross-
polarization levels below -33 dB.

[0052] Fig. 6 shows the delta-elevation pattern (i.e.,
with angle ¢ = 135-315° in polar coordinates) which has
side lobes at -16 dB, gain of 24.5 dBi at -3.5 dB from the
peak of the sum pattern, null depth of over -33 dB and
cross-polarization levels below -22 dB.

[0053] Fig. 7 shows the delta-delta pattern which fea-
tures side lobes at -15 dB, gain of 21.5 dBi at -6.5 dB
from the sum, null depth of over -33 dB, and cross-po-
larization levels below -33 dB.

[0054] These patterns are perfectly adequate for the
monopulse function.

[0055] Figs. 8 and 9 show comparisons of the sum
beam antenna pattern on the simulated and experimental
azimuth and elevation plane.

[0056] The measured beam width is between 4.0 and
4.1°, perfectly in line with the theoretical data. The meas-
ured gain is also congruent with the theoretical one of
27.9 dB.

[0057] Fig. 10 shows the return-loss measured at two
antenna ports compared with the calculated one. The
figure shows an experimental trend which follows the the-
oretical one very well, also with regard to the two reso-
nances presented by the antenna.

[0058] Finally, Fig. 11 shows the mutual coupling
measured between the antenna ports. The measured
values are always below -30 dB, which guarantees a
good decoupling between all the antenna ports.

Advantages of the invention

[0059] Modulated metasurface antennas have already
been presented in the literature, although, as mentioned
above, they are single-beam antennas. Only a recent
publication [5] presents the possibility of creating multi-
beam antennas and analyzes issues and possible solu-
tions, highlighting the possibility of manufacturing a multi-
beam antenna, but only circularly polarized and in a the-
oretical manner.

[0060] The solution of the present invention provides
an antenna with a performance very similar to that of an
antenna with conventional technology.

[0061] However, thisis the first application of the tech-
nology of metamaterials and modulated metasurfaces
with linearly polarized multi-beam antennas, which may
therefore be usefully employed for monopulse antennas.
[0062] The advantages are also related to the dimen-
sions and bulkiness of the antenna and, above all, to the
cost and manufacturing simplicity of the antenna itself,
which consists of a single printed circuit. Furthermore,
linear polarization allows a higher gain with respect to
metasurfaces solutions existing in the prior art, where
circular polarization is not required.

[0063] On the other hand, the fact of using a single
substrate as in all the known cases mentioned above
may entail a serious crosstalk issue between the different
channels used, which would introduce an important dis-
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turbance, while the solution of the present invention does
notinvolve such an issue by virtue of the specific features
thereof. The very constitution of the antenna allows to
maintain an excellent performance in terms of isolation
between channels.
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Claims

1. Alinearly polarized leaky-wave multi-beam antenna,
operating in a single frequency band, having a radio
frequency signal input and a radiating antenna sur-
face with a predefined central wavelength, the multi-
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beam antenna comprising:

- atleast one layer of dielectric material, with an
upper surface and a lower surface opposite to
each other, the at least one layer of dielectric
material being functionally divided into at least
four quadrants, said upper surface constituting
the radiating antenna surface;

- a metal layer on the lower surface;

- for each of said at least four quadrants, a re-
spective radio frequency signal input system;

- said upper surface has a plurality of metal
patches, wherein each patch extends for a first
respective length along a respective first direc-
tion and for a second respective length along a
respective second direction;

the antenna being characterized in that:

- said respective input system is configured to
launch a surface wave of the radial type in the
layer of dielectric material;

- said respective input system is placed at a pre-
defined non-null distance from the metal patch-
es;

- said first respective length and said second
respective second length are between 0.05 and
0.3 times the predefined central wavelength;

- the patches of said plurality of metal patches
are arranged on said upper surface so that:

= the distance between consecutive patch
centers in any direction is between 0.05 and
0.3 times the predefined central wave-
length;

= none of the metal patches are electrically
connected to any of the other patches; and

- the patches belonging to a non-null subset of
said plurality of metal patches are such that said
first respective length is different from said sec-
ond respective length.

An antenna according to claim 1, wherein said dis-
tance between consecutive patch centers and said
first respective length and second respective length
have values between 0.05 and 0.2 times the prede-
fined central wavelength.

An antenna according to one or more of claims 1 to
2, wherein the antenna has a circular shape.

An antenna according to one or more of claims 1 to
3, wherein the patches of said plurality of patches
are printed on said upper surface.

An antenna according to one or more of claims 1 to
4, wherein said respective radio frequency signal in-
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13.

14.

put system comprises an electrical connectorin con-
tact with said dielectric material.

An antenna according to one or more of claims 1 to
4, wherein said respective radio frequency signal in-
put system comprises a waveguide positioned under
said metal layer and coupled to the layer of dielectric
material by a slot passing through a wall of the
waveguide itself and the metal layer.

An antenna according to one or more of claims 1 to
6, wherein all the patches of said plurality of metal
patches are such that said first respective length is
different from said second respective length.

An antenna according to one or more of claims 1 to
7, wherein said non-null subset of said plurality of
metal patches consists of patches having a substan-
tially elliptical shape.

An antenna according to claim 8, wherein said ellip-
tical shape has an axial ratio comprised between 1.5
and 2.0.

An antenna according to one or more of claims 1 to
9, of the monopulse type.

An antenna according to one or more of claims 1 to
10, wherein a center is defined on the antenna and
the respective radio frequency signal input systems
are placed at a substantially equal distance from said
center.

An antenna according to one or more of claims 1 to
11, wherein the distance between said respective
input system and the metal patches is greater than
or equal to 0.1 times the predefined central wave-
length.

An antenna according to one or more of claims 1 to
12, wherein between one metal patch and the other
there is a distance equal to at least 0.01 times the
predefined central wavelength.

An antenna according to claim 13, wherein between
one metal patch and the other there is a distance
between 0.01 and 0.3 times the predefined central
wavelength.
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